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Abstract - Our recent work in the application of gas mi- 
crostrip detector (GMD) technology to the fields of digital 
x-ray imaging and radiation dosimetry is described. The 
GMD can measure the position and the energy of individ- 
ual photons at the high counting rates encountered in x-ray 
imaging. GMD based imaging systems have high detective 
quantum efficiency and permit improvement of image qual- 
ity and contrast using display windowing and measured 
energy information. Results are presented on the perfor- 
mance of a prototype GMD imaging system operated with a 
xenon/methane 90/1 0 gas mixture at 1 atmosphere. Results 
are also presented on the performance of a GMD filled with 
tissue equivalent gases for applications in the field of radi- 
ation dosimetry in mixed neutron and y fields. The results 
show that the GMD can be used for dosimetric discrimi- 
nation between different types of radiation in mixed field 
environments. 
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-ig. 1 : Schematic diagram of a gas microstrip detector 



I. INTRODUCTION 

The Gas Microstrip Detector (GMD) is a recent develop- 
ment from experimental particle physics[1]. In essence it 
is a miniature multiwire proportional counter printed onto 
a thin rigid substrate by photolithography (Fig. 1). When 
a radiation interaction occurs within the detector volume, 
the ionization electrons are attracted toward the anodes. 
The strong electric field region near the anodes produces 
a large proportional multiplication in the number of elec- 
trons. The resulting charge Q collected on the anodes 
is 

IV 



(1) 



where £. th is the energy absorbed by the detector, W is 
the mean energy needed to create an electron-ion pair in 
the gas and \! is the gas multiplication, typically between 
100 and 1000 for our applications. 



The very fine scale of the GMD (typical anode to anode 
spacing 200 /ifn) provides high spatial resolution. The 
proximity of the cathodes to the anodes results in fast 
clearfhg of the positive ions away from the gas multiplica- 
tion region and permits the device to operate efficiently at 
counting rates in excess of 10 6 s" 1 mm~ 2 . 

For x-ray imaging, the GMD has several advantages 
over energy integrating devices such as film screen sys- 
tems or the CCD. A GMD could be the first detector fast 
enough to count individual photons at radiological count- 
ing rates and to measure their energy with good resolu- 
tion. For the same quantum efficiency, a photon counting 
GMD imaging system produces images, with higher sig- 
nal to noise ratio (because of its higher detective quantum 
efficiency) than an energy-integrating detector. Further, 
a digital x-ray imaging sytem incorporating a GMD would 
allow image quality and contrast to be enhanced using 
the measured energy information and display window- 
ing. Examples of possible applications include medical 
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arcce x-ray tube with 2. -J- mm Al nitration. The 'u:l MTF 
:ur/e. calculated from the response of the system to a 
i .:. :3 given in F ; g. 3. 

~oe energy resolution jFWHM) or ;he GMD was mea- 
sured :c re 10.9 'o at 17.7 keV and 5.2 % at 59.5 keV 
-F":c. -i>. These measurements suggest that a GMD cased 
c-ray imaging system has excellent potential for energy 
O'scrimiration. 

F ; g. 5 sncws images of a microchip in a plastic case 
taken witn 50 kVp :< rays. The microchio itself is seated cn 
a metal crate which forms the dark square m the centre. 
The image on -he right has been enhanced by acclying an 
energy discrimination threshold: it is formed from the 50 *o 
:f the :< -ays whic.n deposited less than aporcximately 
15 '<eV n the detector. The result is a higner-rescluticn 
:mage at :he cost or photon statistics. 

The GMD *s capable of high resolution imaging wnen 
: il!ed with a xenon gas mixture at 1 atmcspnere. For 
our present geometry, the quantum efficiency at ' atmo- 
schere s v ess :han tor all energies acove 18 keV. in- 
creasing the gas thickness and the pressure will tmprove 
the quantum efficiency as we!! as the spatial resolution. 

A GMD 3FR system provides excellent scatter rejec- 
tion but .s slower than full 'ieid radiograony methocs. With 
.ts gccc energy resolution, a GMD imaging system could 
ce usee tor single execsure duai energy radicgrapny. We 
nave previously demonstrated the x-ray ;mag:ng cacabili- 
::es 3t 3 keV or a GMD system *'i!led with argen/iscbutane 
:o gas mixture at 1 and 2 atmcspneres f3j [-41 

* Russian grouc 5] has used a counting 3?R system 
cased Dr. = muitiwire proconicnai chamber. (1.2 mm an- 
;ce -vir= scac:ng; to obtain onest and pelvic x-ray images. 




r'-q. 5. The .rr.aqes zi 3 -.icrrrnz rxxei s«ze 50 .r\« :n * nss::c :ase 
raner: with 50 <Vc .< .*nvs ~:*e ^ar:< area .n ;r^e maqes ire -retal ir: 
:ne icr.i _ir?as ire :ne 2tas:ic ~:r-:3se. n :ne r^a^a :r re en. re 
'esciu:icn ;n :re ho.*'z:n;ai :i?.r.e s secjr.vjeo o -re -arge :• 
■iO <eV cno:oeiec::-r5 r. :re -'.ace :n r.e -grr. erer;y >e-e-.;:.cr 
~as ?een -sad -o rrcr :ve :rve -cru-r.tai •*soiu!icn .ec.,:?.i -es:i-j:;-r. 
:s oeter.-rjinec Dy 3canr.:r.a ?.rc s :re sarr.e :or corn r*ace5 



til. DOSIMETRY 

The operating characteristics or the GMD as a ocs:me:e f ' 
were studied -or var-ous mixtures or tissue ecu:va:ent :TF": 
gas i 50% propane. ^5** CC : arc 5 3 oM-:'j anc Ar at a pres- 
sure of 1 atmosonere. For these measurements, ail an- 
odes were coupled to a single Crtec 1-2PC cnarge sen- 
sitive preamplifier. Fig; 5 demonstrates the gain-.oathcce 
voltage cnaracterist:cs of the GMD fiilec with clfrerent ra- 
tios or TF gas and Ar. The gam was obtained ~y ceding 
at the full energy ceax of the 5.3 keV x ray from 55 Fa. 

The acility of the jetectcrto discriminate between rel- 
ation types ;n mixed rieics was mvestigatec by measuring 
the pulse height spectrum for the resconse of the oetec- 
tor to ^ c Co and :5: Cf neutrcrs 'ree m air for a grouc :f 3 
anodes. A 200 jn zacr, GMD r 'iiled witn 75% TE gas anc 
2^°b Ar was exposes to a — 2 C. neutron scurce ana a -* : Co 
gamma ray source. The :52 C? scurce also emits gamma 
rays such that the GMD ^s tested in a mixec - neutron 
environment. The eigni ancces were ocuoled to a single 
amoiirymg channel - Crtec 1 -2FC) sucn tnat a measure 
or the energy tmcarec. • . tc a volume of gas A t 5 x 
-A x 50 mm was measured for each event, .nteresttng 
features of a oulse height scectrum can oe enhanced oy 
binning the events :n logarithmic bin widths of ncreasing 
size and -hen muiticlymc eacr puise ne?gn; cv me dum- 
ber or counts. Thus, one gets the contr:cuz:cn :: everts o: 
different •• tc the total energy cepositec n the gas /ciume. 
as snown m Fig. 7. Sn the case of one :cser/es 

\cv j events due to Come ton electrons *rom me nc:cer- - 
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